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Platt Group – Outline for today 
1. Over view of qNano - Tunable Resistive Pulse Sensors 
 
2. Current Rectification (ICR) properties of Polyurethane 
Pores 
a) Modification of their surfaces with polymers. 
 
3. Aptamer Modified Pore Walls 
 
4. Compare Data from ICR to Resistive Pulse Sensor 
(RPS)  
 
5. Combining ICR and RPS to detect Cu ions 
 
 
Equipment and Pore size 
• TRPS 
• Detect 50 nm  6 mm particles 
• Thickness ~ 250 mm 
• Zeta potential of – 8mV in PBS pH 7 
• Zeta Potential Measurements  
• Characterisation of virus, bacteria, 
nanomaterials, protein corona, 
bioassays 
Top 
Bottom 
e.g. NP200 
110 nm – 400nm 
Current Rectification 
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Use the ratio  =
𝒊−𝟏.𝟔𝒗
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e.g. 
Negative Pore, and a Negative Bias 
within the Pore 
 
• The cations migrating from the electrolyte 
outside the pore in the opposite direction 
are free to traverse the pore opening. 
• The anions are unable to approach the tip 
due to the migration of cations.  
• A region of locally high KCl concentration 
builds up just inside the pore (compared 
to the bulk concentration).  
• Increase in conductivity 
-ve 
Layer-by-Layer approach 
PEI 
PAAMA 
[KCl] mM Unmodified Pore PEI - Layer 1 PAAMA - Layer 1 PEI - Layer 2 PAAMA - Layer 2
5 1.38 0.46 2.41 0.37 2.86
10 1.09 0.67 1.69 0.29 2.44
50 1.09 0.90 1.10 0.73 2.09
PBS (pH 7.4) 1.15 0.81 1.10 0.93 1.29
Rectification Ratio
Effects of Stretch and pH 
DNA modified Pore walls 
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5 mM KCl, pH 7 
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Resistive Pulse Sensing 
Dip = Particle volume 
 
J = Pulse Frequency/ Rate (particles/ unit 
time) 
 
 
 
 
Duration = Particle velocity ~ zeta potential 
 
  
  Langmuir (2016) 32, 1082–1090. 
Analytical Methods (2015)7, 8534-8538 
Biosensors and Bioelectronics (2015) 68, 741 
Analytical Chemistry (2014) 86 (2) pp1030-1037 
Comparison between RPS and ICR 
ICR RPS 
Easy to run Easy to multiplex 
Comparable sensitivities Comparable sensitivities 
Detection of Metal ions 
pH 7 
pH 5 
pH 3 
pH 7 
Selectivity and sensitivity 
Complimentary ICP data 
Velocity of particles of varying  
surface chemistry  
pH 7 
pH 5 
pH 3 
pH 7 
White and coworkers showed that a negatively charged particle passing through a 
pore with a negative surface charge can create a conductive pulse prior to the 
resistive pulse at a negative polarity. 
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RPS and ICR 
Negative Particle  + Negative Pore  + negative potential  = Conductive and 
                   Resistive Pulse 
a b c 
APTES Cu2+ 
J. Phys. Chem. C, 2014, 118, 2726–2734. 
Conductive Pulse waves 
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Conductive pulse = An indication of the Double  
        layer Structure? 
Resistive pulse = Velocity data to confirm the Metal? 
Double signal showing Cu binding 
pH 5 
pH 7 
pH 3 
Summary and conclusions 
1. Introduction to TRPS 
 
2. LBL assembly on PU pores gives a pH, IRC.  
 
3. DNA/ aptamer functionalised pore walls 
 
4. Compare Data from ICR to Restive Pulse Sensor 
(RPS)  
 
5. Conductive and Resistive pulses give a dual signal for 
metal ion detection 
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